Abstract-Based on the key technology problems of the tunnel intelligent detection system, this paper proposes a method of using multi-axes adjustment platform to solve the problem of image acquisition. The design method of multi-axes adjustment platform is proposed and a new type of 3-DOF parallel mechanism is designed. On the basis of kinematic analysis, the mapping between the input and output of the multi-axes adjustment platform is established, and the constraint conditions of workspace of the mechanism are defined. Finally, a design of servo control scheme and hardware selection of the experimental prototype is carried out. In order to test and validate the model, the experimental tests are put forward, and the workspace of the system is analyzed. This paper applies the robot technology to the field of machine vision, and offered a new method for developing tunnel intelligent detection system.
I. INTRODUCTION
Due to geological disasters, operating years and other reasons, highway tunnel will have cracks, which makes a serious threat to the operation safety of highway [1] . At present, tunnel crack detection means and equipment is relatively backward, people often using artificial or artificial instrument with high-altitude work vehicle way to complete the detection task. This method, based artificial detection, has low efficiency and big subjective degree, especially, our country has built a number of long tunnels. It cannot finish the detection task in the short term if rely on artificial. The latest release of "technical specifications for maintenance of highway tunnel" in 2015 pointed out: tunnel detection from "daily inspection" to "check usually", detection methods should used combination method of artificial and information means [2] , which also shows that the rapid detection of intelligent equipment has become the need of the development of road tunnel maintenance.
With the CCD sensor technology and digital image processing technology is becoming mature, both at home and abroad have carried out research on rapid detection system b a s e d o n m a c h i n e v i s i o n [ 3 -5 ] , b u t t h e a p p l i c a t i o n i n highway tunnel detection is relatively small, mostly at theoretical research and experimental stage. The core and key technology of machine vision is how to acquisition image high-quality [6] , which requires the analyzed in the depth range of the camera. The structure of highway tunnel is complex, detection of the car driving the process inevitably cause surface relative pose changes of camera and lining, which also led to a decline in the quality of the collected images, seriously affect the work of subsequent image processing, character of crack identification. At present, people often choose the digital camera that has the low resolution and large depth of field, which can cause crack detection accuracy is low, so how to guarantee the high quality of the image acquisition is the key problem of rapid detection system of tunnel.
This passage bring the parallel robot technology into the field of machine vision, put forward a technical scheme which use multi axis adjusting platform to solve the difficulty in tunnel rapid detection system of image acquisition, and provides a new method and a new idea for the development of rapid detection system of tunnel.
II. TUNNEL INTELLIGENT DETECTION SYSTEM BASED ON MACHINE VISION

A. Working Principle
The tunnel rapid detection system integrates digital camera, lens, light source, image acquisition card, data memory, inertial navigation device, distance sensor, generator and so on, form a set of vehicle detection system. In the process of vehicle driving, the tunnel lining surface is captured in real time, and the image data is transmitted to the memory through the data acquisition card, after the data analysis and processing, we can identify the characteristics of the cracks.
surrounding vehicles on the image acquisition process interference.
FIGURE I. THE SCHEMATIC DIAGRAM OF MULTI CAMERA INSTALLATION
B. Key Issues
The depth of field is an important parameter of a digital camera, which is a pair of contradictory performance parameters with resolution. In order to ensure the accuracy of the crack, it need to choose the digital camera with high resolution, which also led to a small depth of field, in the collection process, it need to ensure the camera and lining surface distance strictly. But the test car at high speed have deviation inevitably influenced by the process of traffic flow, road conditions and driver's subjective consciousness, reduce the effect of camera, the quality of image acquisition is low, seriously affect the precision and accuracy of identification of fracture.
Secondly, highway tunnel structure is complex, different tunnel structure size will have big difference, so every time before the tunnel detection, it must according to the tunnel design drawings to adjust the camera installation position and focal length. On the one hand, the intelligent degree of the system is reduced. On the other hand, the vehicle bump affects the focusing device of the digital camera, which causes disturbance to the image acquisition.
In conclusion, in order to meet the requirements of the digital camera in shooting range and accuracy, it needs to be installed on a multi axis adjustable platform, according to the tunnel structure, vehicle trajectory deviation, it can make the real-time adjustment to the distance between camera and lining surface, and ensure the image collected by the cameras have overlapping. Parallel mechanism is easy to realize multi axis linkage, which has the characteristics of high precision and fast response [7] [8] , so it is an ideal mechanism model for developing multi axis adjustment platform of digital camera.
III. MODEL DESIGN AND KINEMATIC CHARACTERISTICS ANALYSIS OF MULTI AXIS ADJUSTMENT PLATFORM
A. Models Design Principles
The main types of motion of multi axis adjustment platform for digital camera are:
(1) The test vehicle in the running process make left and right swing motion, cause the changes of distance between the camera and the lining wall, therefore it need to have the ability to adjust the multi axis platform along the tunnel longitudinal movement, which keeps in the field depth range between the surface of the digital camera and the tunnel lining.
(2) The distance between the digital camera and the top of the tunnel is larger and the size of the tunnel structure is different, so the multi axis adjustment platform can adjust the vertical height of the digital camera.
(3) The multi axis adjustment platform compensates for the above two kinds of motion, the camera vision changes, resulting in too much overlap of images collected by multiple cameras, affecting subsequent processing. So the platform must have the ability to rotate around the direction of the vehicle, to ensure the camera can collect all the tunnel lining, and the collected images have overlapping parts.
Establish the coordinate system as shown in Fig.2 , X axis along the vehicle forward direction (tunnel longitudinal), Y axis perpendicular to the lining surface, Z axis vertical upward. From the above analysis, the multi axis adjustment platform can realize the rotational freedom around X axis and the freedom of movement along Y and Z axis, so a kind of three degree of freedom parallel mechanism is needed.
The branch constraint system of the mechanism is three [9] , and with only one binding. It containing a constraint couple and a binding, and it also can be containing two constraint couple and a binding. In order to ensure the multi axis adjusting platform can rotate continuously, the constraint screw which motor branch to mechanism should a s l i t t l e a s p o s s i b l e , s o t h i s p a p e r o n l y c o n t a i n s a comprehensive and binding branch for five degrees of freedom configuration, all binding must satisfy the geometric conditions of parallel space and non coplanar.
B. Design of Multi Axis Adjustment Platform Type
Typical structures with branch degrees of freedom of five are RPS and SPR configurations, as shown in Fig.3 . For RPS type branches, the coordinates of the moving helix in the system are: 
It represents the pivot point and parallel to the axis of rotation.
FIGURE III. THE CONSTRAINT SCREWS OF RPS AND SPR BRANCH
For the SPR bifurcation, the coordinates of the kinematic helix in the system are: It represents the pivot point and parallel to the axis of rotation.
By (1) and (2), the following conclusions can be obtained: RPS or SPR branch of the binding line vector is always over the ball hinge point and parallel to the axis of rotation axis. Combined with the characteristics of the binding line vector of the parallel mechanism, the design of the multi axis adjustment platform is 2SPR/RPS parallel mechanism, as shown in Fig.4 . The 1st and 3rd branch is SPR configuration; the 2nd branch is RPS configuration, in which P is driven pair. The three moving branches are evenly distributed between the movable and the fixed platforms, and connected with the platform through corresponding motion pairs, and the corresponding hinge point centers are respectively. The R auxiliary axes of all branches are parallel to each other.
C. Motion Feature Analysis
When the mechanism at a initial position, the constraint screw system of the moving branch to the moving platform can be established by the binding (1) and (2) 
The 3 binding line vector does not satisfy the geometric conditions of coaxial, so the mechanism has no public constraint and redundant constraint, and the independent degrees of freedom is 3.
The continuous rotation of physical existence of axes and mathematical criterion by the existence of rigid body rotation axis [10] 
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The mechanism is analyzed in the kinematic characteristics of the initial pose, when institutions from the initial position to any position, we can obtain the kinematic characteristics of the same side. So the multi axis adjusting platform based on of 2SPR/RPS mechanism can realize tracking alignment of lateral displacement, lifting and roll of digital camera.
IV. ESTABLISHMENT OF MULTI-AXES ADJUSTMENT PLATFORM MECHANISM MODEL
A. Mapping Relation of Input-Output 1) Position the solution
The description of each point of moving platform and fixed platform in the respective coordinate system is 
T
h e d e s c r i p t i o n o f e a c h hi ng e p o i n t o f t he m o v i ng platform in the {}
The driving branch of the mechanism is P, and the displacement is the drive displacement of the mechanism. Combined with(4),(5) and multi axis adjustment platform g e o m e t r i c d i m e n s i o n s , t h e p o s e o f t h e m e c h a n i s m a r e established:
where, i q is the movement displacement of each branch.
2) Velocity and acceleration mapping
The multi axis platform needs to provide the corresponding motion according to the speed and acceleration, so it is necessary to establish the mapping relationship between the velocity and acceleration of the driver. According to the adjustment of digital camera, the derivative of time is solved, the six dimensional velocity and acceleration expressions of the multi axis platform are expressed respectively: 
where, G and H are the first and second order influence coefficient of mechanism; i q and i q are the driving velocity and acceleration of each branch.
B. Rotation and displacement working space
For the 2SPR/RPS parallel mechanism, the constraint condition is mainly composed as the following parts:
(1) Driven constraints: the mechanism driven by the electric cylinder and other linear drivers, not beyond the safe range of the electric cylinder, the development of constraints for the:
where, min l and max l are respective the minimum and maximum values of the electric cylinder stroke.
(2) Rotation angle constraint: Revolute pair is restricted by the rotation of the shaft, bearing and other components, so it is necessary to limit the rotation angle, to ensure that it is in the rotation range and does not interfere with the corresponding components of the dynamic and fixed platform. First, the calculation formula of the rotation angle is needed. By (4) and (5) 
Similarly, for the first and the third branches, the rotation pair is connected with the moving platform, and the rotation angle of the rotating pair is described by the direction vector 
where, 1 , 2 , 3 are respectively the rotation angle of the three revolute joints of the ball hinge, and 4 d is the driving force.
The two ends of (14) and (15) has the relationship as: 
where, min ij and max ij are the rotation angle limit of revolute pair respectively.
V. PROTOTYPE AND EXPERIMENT OF MULTI AXIS ADJUSTMENT PLATFORM
A. Hardware Selection and Control Scheme
For structure parameters of multi axis adjustable platform: hinge point of moving platform is circumscribed circle diameter 1000mm
The servo motor for MITSUBISHI low inertia series, rated power 200W, rated speed 3000r/min, rated torque 0.64Nm; The accuracy of the 131072 pulses/rev encoder; Electric cylinder stroke 1200mm; Using three axis gyro, accelerometer measurement to three combinations of moving platform pose parameters, detection accuracy of 1degrees/sec gyroscope, accelerometer detection accuracy of 40mg; Using Advantech PCI-1265-AE multi axis motion control card to Advances in Engineering, volume 87 achieve synchronous control and signal acquisition of the three branches.
The control flow of the platform is as follows: the relative position between the digital camera and the lining surface is collected by the laser scanner, which is converted to the active motion of the multi axis platform. Based on the input-output mapping relationship to calculate the displacement, velocity and acceleration, the multi axis motion control card to control the synchronous servo motor, encoder of branch of mobile, as feedback signal and real-time compensation of motor. At the same time, the real-time position and attitude of the gyro and accelerometer are compared with the theoretical value, and the motor motion is corrected in real time.
B. Test and Analysis 1) Analysis of input-output mapping
In order to make the research more general, we assume that the motion law of the digital camera is adjusted by the external disturbance: Combined with the structure parameters and the input-output mapping relationship ((4)~ (8)), the displacement and velocity of each drive branch can be calculated, as shown in Fig.6 . The motion law is taken as the target value of the test prototype, and the real-time curves of displacement and velocity of each electric cylinder are read through the multi axis motion control card, as shown in Fig 7.  Fig.7 . Compared with Fig.6 and Fig.7 , theoretical calculation curve and experimental curve are consistent, which verifies the correctness of theoretical modeling. The real-time curve of continuous change, which also shows that the proposed 2SPR/RPS type multi axis adjustable platform motion performance is good, can satisfy the practical application requirements.
2) The workspace analysis of the corner displacement
In practical application, the adjustment of the inclination angle of the multi axis adjustment platform is relatively small, so a number of typical side slopes can be selected, which can be used to describe the two degrees of freedom of the work space. Select roll angle is divided into 0 ,10 , 20 , 20 -and based on the input-output mapping relationship ((4)~(8)) and constraints ((9), (13), (17)), draw the working space of the platform, as shown in Fig.8 .Whether the platform can achieve a set of lateral and lift movement, only to see whether the corresponding coordinates fall in the shadow. 1R 2T design of three DOF parallel mechanism can meet the requirements of digital camera pose adjustment, is a feasible vehicle with multi axis adjustable platform type.
(3) Establish and define a platform for transmission into the output mapping relationship and work space constraints, design and hardware selection and servo control scheme of test prototype.
(4) The test results of the prototype show that the calculation results agree well with the experimental results, proved the correctness of theoretical modeling; the real-time curve of continuous change, no mutation, which also shows that the 2SPR/RPS design of multi axis motion control platform has good performance and can meet the practical requirements should be used.
From the theoretical level, the working space of the platform is analyzed. The analysis results provide the basis for the optimization of the structural parameters of the multi axis platform and the rationality of the adjustment of the camera motion.
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